Introduction
Small-for-gestational-age (SGA) neonates are defined as neonates whose birth weights are below the 10th percentile for gestational age. SGA neonates are at increased risk of hypoglycemia due to decreased hepatic glycogen stores, higher energy requirements, increased insulin sensitivity and hyperinsulinism [1, 2] .
Hyperinsulinemic hypoglycemia (HH), a major cause of severe hypoglycemia during the neonatal and infancy period, is characterized by inappropriate insulin secretion from the pancreatic beta cells in the presence of low blood glucose levels [3] . In the newborn and infancy periods, HH can be either congenital or secondary to certain risk factors. Congenital HH involves either defects in the genes ABCC8 and KCNJ11 (encoding for the 2 proteins SUR1 and KIR6.2 of the pancreatic β-cell K ATP channel, respectively) or abnormalities in the enzymes glucokinase, glutamate dehydrogenase and short-chain acylCoA dehydrogenase (SCHAD) [4] . Transient HH may be secondary to certain risk factors (such as maternal diabetes mellitus, prenatal asphyxia and SGA). In 1984, Collins and Leonard [2] first described transient HH in SGA infants.
Although hyperinsulinism in SGA neonates is not genetic, it resolves spontaneously within the first several months of life. Neonates with severe transient HH may require intravenous infusion of >8 mg/kg/min glucose to maintain normoglycemia, similar to neonates with per-manent (genetic) hyperinsulinism. It is important to identify and treat HH early and aggressively in this condition in order to prevent adverse neurological outcomes and intellectual impairment [5] . Diazoxide, a K ATP channel agonist, is often used as the first-line medication for prolonged HH [6] . HH in SGA is responsive to diazoxide [2, 7] .
Unfortunately, diazoxide cannot enter the Chinese market lawfully. To prevent adverse neurological outcomes and intellectual impairment, we must seek other therapy options to deal with HH in SGA neonates. Octreotide is the second line of medical therapy for infants with diazoxide-unresponsive congenital HH. We use octreotide as an optional therapy to treat HH in SGA neonates. To our knowledge, there are no known reports on the use of octreotide as first-line drug in the treatment of HH in SGA neonates. We describe 7 cases of successful treatment with octreotide directly, without the trial use of diazoxide. We propose that octreotide may be a useful optional therapy in HH of SGA neonates when diazoxide is not available.
Methods

Patients
Seven SGA neonates (defined as birth weight <10th percentile for gestational age) with HH who were admitted to the Department of Neonatology at the Third Affiliated Hospital of Sun Yatsen University between January 2013 and December 2014 participated. Patients were recruited to participate in the study within 24 h of birth. Neonates with a history of perinatal asphyxia, maternal carbohydrate intolerance, family history of hypoglycemia among siblings, Rhesus isoimmunization and syndromic forms such as Beckwith-Wiedemann syndrome were excluded from the study. All patients met the currently accepted diagnostic criteria for HH [8] . A central venous catheter was inserted, and high doses of glucose were administered to stabilize blood glucose levels at more than 3.5 mmol/l.
Clinical Assays
All plasma assays were performed at the Clinical Laboratory of the Third Affiliated Hospital of Sun Yat-sen University. Blood was collected at the time of diagnosis and during treatment. Serum glucose was measured by the glucose oxidase method. Insulin was measured by electrochemiluminescence immunoassay (Roche Diagnosis, Basel, Switzerland), and cortisol was determined by chemiluminescence immunoassay (Siemens).
Treatment
All patients received octreotide (Novartis Pharma Schweiz AG, Basel, Switzerland) at an initial dose of 5 μg/kg/day through subcutaneous injection at 8-hour intervals. Their response was assessed 48 h later. The effectiveness of clinical management was defined as blood glucose that can be maintained above 3.5 mmol/l after a short period of fasting (4 h in neonates) [9] . Depending on the glycemic control, the dose of octreotide was increased in increments of 2-5 μg/kg/day every 3-5 days to the maximum dose of 30 μg/kg/day. Once blood glucose levels were stable, the intravenous glucose and the dosage of octreotide were gradually tapered by a decrease of 2-5 μg/kg/day every 3-5 days to the minimum dose of 5 μg/kg/day. If glucose monitoring indicated no recurrence of hypoglycemia and frequent feeding alone could maintain their glucose above 3.5 mmol/l, octreotide was stopped. For the follow-up study, self-monitoring of blood glucose was required at least 2-4 times every day, and HbA1c and insulin were measured every 3 months. Growth development was evaluated every month in infants younger than 6 months, every 2 months in infants aged between 6 and 12 months and every 6 months in infants older than 1 year. Brain development was evaluated every 6 months at followup based on the Gesell developmental schedules.
Informed Consent
Written informed consent for all tests and treatment was obtained from the patient's parent(s) or guardian(s). 
Results
The clinical and laboratory characteristics at diagnosis and the responses to treatment of each of the 7 neonates treated with octreotide are shown in table 1 . Three male and 4 female neonates were recruited to participate in the study. Among them, 6 were preterm neonates, and 1 was a full-term neonate. The gestational age ranged from 33 +1 to 39 +6 weeks. The birth weight ranged from 1,250 to 2,600 g. Asymptomatic hypoglycemia was the most common presenting symptom and was recorded in 6 (85.7%) patients. Hypoglycemic seizure was recorded in 1 (14.3%) patient. Insulin levels at the time of hypoglycemia ranged from 8.42 to 70.05 mU/l. The insulin/glucose (mg/dl) ratio ranged from 7.45 to 37.52.
Due to the severity of their hypoglycemia, the neonates required a combination of hydrocortisone infusion and intravenous fluids with a high concentration of dextrose to maintain normoglycemia at the initiation of treatment with octreotide, after which a good glycemic response was noted. Accordingly, the doses of dextrose were gradually tapered, and enteral feeding simultaneously increased. The maximum dose of octreotide ranged from 8 to 18 μg/ kg/day. Over a period of 9-45 days, each baby maintained stable blood glucose levels without the need for intravenous glucose infusion. Octreotide infusions were then gradually discontinued, since blood glucose levels were stable at more than 3.5 mmol/l. Subsequently, all 7 babies were able to receive all their nutrition enterally.
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The patients did not develop any side effects while receiving octreotide; no gastrointestinal side effects such as abdominal discomfort, diarrhea, transient elevation of liver transaminases, episodes of necrotizing enterocolitis (NEC), gallstones or sludge were observed in our cohort. All patients were followed for 1-2 years. The levels of glucose, HbA1c and insulin were within normal limits. Normal linear growth and weight were maintained. No mental retardation occurred in these 7 infants.
Discussion
In our study, hypoglycemia occurred on day 1 of life in 5 neonates. Patients 4 and 6 presented with hypoglycemia on days 3 and 4 of life, respectively. Symptoms of hypoglycemia are mostly nonspecific such as lethargy, poor feeding, apnea, seizures and coma [10] . In our study, asymptomatic hypoglycemia was the most common presenting symptom.
In contrast to children with severe neonatal-onset hyperinsulinism associated with K ATP mutations, sequencing of the genes encoding the K ATP channel, KCNJ11 and ABCC8 , did not identify any mutations in the SGA patients [11] . We did not take a genetic analysis for our study. Although the HH in SGA neonates can resolve spontaneously, the timing of resolution is variable. In some cases, HH may persist up to 1 year [7] . These infants have increased glucose requirements and go on having problems with hypoglycemia longer than those hypoglycemic babies who are not hyperinsulinemic [1] . Early identification, prevention and treatment of hypoglycemia in patients with defects in certain metabolic pathways or in the regulation of insulin secretion are important for long-term outcomes [12] . The initial treatment for hypoglycemia is with glucose and sometimes with steroids. In our study, all patients were given central venous catheters to control the intravenous glucose infusion rate. The peak intravenous glucose infusion rate ranged from 13 to 20 mg/kg/min. Five neonates required hydrocortisone infusion to maintain normoglycemia. A high intravenous glucose infusion rate will increase the burden of the heart. Once the diagnosis of hyperinsulinemia is established, a specific treatment of HH must be initiated [13] . Diazoxide, a K ATP channel agonist, remains the first-line therapy in prolonged HH of SGA neonates. Up until now, according to the reported literature, SGA neonates have all been responsive to diazoxide. Most of these neonates responded to moderate doses of diazoxide, 5-10 mg/kg/day, though a few needed 15-20 mg/kg/day. Approximately 20% were unable to stop taking diazoxide before 6 months of age [7, 11, 14] . The most common adverse effect of diazoxide is hypertrichosis. Another side effect is water retention, which could cause serious problems such as congestive heart failure or the reopening of the ductus arteriosus [15, 16] . These heart and vascular complications are mostly observed in preterm children, raising the question of its contraindication in premature patients. In our study, 6 were preterm neonates. It seems that diazoxide is not suitable to treat HH in these neonates. Unfortunately, diazoxide cannot enter the Chinese market lawfully. To prevent adverse neurological outcomes and intellectual impairment, we use octreotide as an optional therapy to treat HH in SGA neonates. Octreotide, an analog of the natural hormone somatostatin, which has inhibitory effects on the release of insulin from pancreatic β-cells through a different mechanism, is commonly used in congenital hyperinsulinism patients as a second-line medication [3, 13, 17] . It inhibits insulin secretion distal to the K ATP channel by inducing hyperpolarization of β-cells and directly inhibiting the voltagedependent calcium channel. To our knowledge, no cases have been published reporting the use of octreotide as first-line therapy in SGA neonates. Our patients had good glycemic control while receiving octreotide. Octreotide therapy enabled us to discontinue intravenous infusions of glucose in all 7 patients. The duration of octreotide therapy ranged from 9 to 45 days, which was much shorter than the treatment time for children with congenital hyperinsulinism [18] .
The common adverse effects of octreotide therapy include gastrointestinal symptoms, white stool, a dilated gall bladder with or without gall stones, and growth deceleration after 2 years of age [19] . Rarer but more serious side effects include hepatitis [20] , NEC [21] and long QT syndrome [22] . NEC is a devastating gastrointestinal disease among neonates with high morbidity and mortality [23] . Preterm infants born small for gestational age are at a particularly high risk for developing NEC [24, 25] . A substantial reduction in the arterial blood flow of the celiac, superior mesenteric and inferior mesenteric arteries during octreotide treatment is thought to be directly implicated in the pathophysiology of NEC [21] . In our study group, there is a concern that the combination of being preterm, having intrauterine growth restriction (IUGR) and being treated with octreotide has a very high risk of developing NEC. We tried many interventions to prevent NEC, which included probiotics, minimal enteral nutrition, slow increment in enteral feeds, prolonged fasting and promoting breast milk usage in very-low-birthweight nenonates. In our study, there were no apparent major adverse events. It seems that octreotide therapy for a short duration is relatively safe.
In summary, there is no data on the use of octreotide as a first-line therapy in HH of SGA neonates. The 7 cases of neonatal hyperinsulinism reported here have each been successfully managed with octreotide, and the treatment has been well tolerated. All of the cases demonstrated an excellent response to octreotide, achieving euglycemia, making it a useful option as first-line therapy in HH of SGA neonates when diazoxide is not available. However, more patients and a longer duration of follow-up should be analyzed to observe the efficacy and safety of octreotide in treating HH in SGA neonates. The association between octreotide and NEC should be noted. We would like to emphasize that neonates receiving octreotide should be closely monitored for signs of NEC (significant abdominal distension, vomiting and feeding intolerance), particularly preterm and IUGR neonates. Compared to the heart and vascular complications caused by diazoxide in preterm babies, NEC caused by octreotide is more severe and harmful. We suggest that octreotide should be used in preterm/IUGR babies only if diazoxide is not available.
